While pyogenic liver abscesses are uncommon, they are associated with significant mortality and morbidity. Most pyogenic liver abscesses are polymicrobial and are caused by enteric bacteria and anaerobes. Rarely, mono-microbial infections may occur, typically in immunocompromised individuals. We report the unusual case of a 69 year-old immunocompetent female who developed a pyogenic liver abscess due to Fusobacterium nucleatum infection, likely from a dental source. Poor oropharyngeal hygiene seems to have a major role in infection from this organism and therefore F. nucleatum should be considered as a differential for causes of pyogenic liver abscess in such patients. Drainage of the abscess and antibiotic therapy are the mainstays of therapy.
Introduction
Worldwide, amebic liver abscess remains the most common form of liver abscess, but in the United States pyogenic liver abscess (PLA) is the most common form (Wong et al. 2002) . The incidence of pyogenic liver abscesses is estimated at about 2.3 per 100,000 patients (Huang et al. 1996; Kaplan et al. 2004 ) and mortality is estimated at 2-12% (Mohsen et al. 2002; Rahimian et al. 2004 ) despite advances in antibiotic therapy and investigation and management of these abscesses over the years.
Due to its rich blood supply from the portal and systemic circulations, the liver is a common site of metastatic disease and also the most common site of visceral abscesses. According to a large case series, an estimated 48% of intra-abdominal abscesses involve the liver (Altemeier et al. 1973) . Intra-abdominal infections, particularly those involving the biliary tract are more likely to lead to the formation of a PLA (Huang et al. 1996; Rahimian et al. 2004) . Bacteria may also spread through the portal vein or from hematogenous seeding from bacteremia from other sources (Huang et al. 1996) , with periodontal disease being increasingly recognized as a potential source (Crippin and Wang 1992; Ohyama et al. 2009 ). Most PLA are polymicrobial and mixed enteric and anaerobic species are common pathogens, with one case series identifying anaerobes in up to 45% cases (Nozawa et al. 2011) . However, monomicrobial infections are also possible.
Fusobacterium is an anaerobic bacterium that is found in the oropharyngeal cavity and is believed to be strongly associated with the formation of dental plaque (Bolstad et al. 1996) . PLA secondary to F. nucleatum has rarely been reported previously, and mostly in immunodeficient hosts with the exception of a few (Tweedy and White 1987; Scoular et al. 1992; Etienne et al. 2001; Ala et al. 2001; Wells et al. 2005; Schattner and Gotler 2014; Dahya et al. 2015; Ahmed et al. 2015) . We report the case of a 69 year-old immunocompetent female who was found to have a pyogenic liver abscess secondary to Fusobacterium nucleatum.
Case description
A 69 year-old female presented with a 2-month history of vague right upper quadrant (RUQ) pain, intermittent fevers and chills. Her pain was dull in nature and was slightly worse with deep inspiration. Her past medical and surgical histories were significant for emphysema, well controlled diabetes mellitus, known pancreatic and Open Access *Correspondence: nagpals@ccf.org 1 Department of Internal Medicine, Cleveland Clinic, Cleveland, OH 44195, USA Full list of author information is available at the end of the article renal cysts and an infra-renal abdominal aortic aneurysm (AAA) endovascular repair a few years ago.
On presentation, her vitals showed a temperature of 38.1°C (100.6°F), heart rate 117 beats per minute, blood pressure 98/62 and an oxygen saturation of 96% on room air with a respiratory rate of 15 breaths per minute. Physical exam revealed poor dental hygiene and tenderness in the abdomen, which was worst in the RUQ. Murphy sign was negative and there were no signs of peritonitis. Labs revealed significant leucocytosis (22.82 × 10 3 /µl) with 94.2% neutrophils. Liver function tests revealed a normal AST and ALT (25 and 22 U/L, respectively) and a normal total bilirubin (1.3 mg/dL). Ultrasound imaging of the right upper quadrant (RUQ), done to investigate the pain, revealed a 9 × 7 × 7 cm hypoechoic density in the right hepatic lobe. Due to concern for possible infection, she was started on broad spectrum antibiotics, Vancomycin 1.5 g daily and Meropenem 500 mg bid. Abdominal computerized tomography (CT) showed a multiseptated thick walled mass in the right hepatic lobe (Figure 1) . The CT did not show any other potential sources of infection or malignancy and the previously known pancreatic and renal cysts were stable in size and appearance. Vancomycin was stopped by Day 3 of admission due to low concern for MRSA infection. She underwent CT-guided pigtail drain placement which revealed thick, purulent material. Microscopic examination of the abscess fluid revealed polymorphonuclear leucocytes but gram stain was negative. However, cultures from the drain fluid as well as admission blood cultures (2 out of 2 each) revealed Fusobacterium nucleatum. X-rays of the teeth showed evidence of moderate to severe chronic periodontitis for which she underwent extraction of all remaining teeth. She also underwent a colonoscopy to rule out occult colonic malignancy as the incidence of PLA is disproportionately higher in patients with occult colonic malignancy (Qu et al. 2012; Kao et al. 2012; Huang et al. 2012; Lai et al. 2014) . The colonoscopy only showed diverticulosis. She improved remarkably and was eventually discharged home on intravenous Ertapenem (chosen over penicillins/cephalosporins due to her allergies) to complete a total of 2 weeks of intravenous 
Discussion
Differential diagnoses for a liver hypodensity seen on imaging can be broad and can include an amebic or pyogenic liver abscess, primary or metastatic malignancy (especially colonic). Since the suspicion for PLA was high based on the ultrasound, the patient was started on broad spectrum antibiotic coverage with Vancomycin and Meropenem. The oral cavity was considered as a potential source of infection due to the patient's poor dental hygiene. However, hematogenous spread of infection leading to PLA, especially from an oropharyngeal source is extremely uncommon and F. nucleatum was not initially suspected as the causative organism.
Immunodeficient patients tend to develop opportunistic and superimposed infections, occasionally with rare organisms. Among the sixteen cases of PLA due to F. nucleatum that have been reported (including current case), only five patients (31.25%) had documented immunocompetence. Out of these five patients, four (80%) were found to have dental disease and the remaining one patient had evidence of a tonsil infection (Mémain et al. 2001 ). This probably implies that F. nucleatum leading to distant infection and abscess formation is very likely to have originated from the oropharyngeal region and likely secondary to poor dental hygiene leading to dental disease. Other rare organisms that have been known to cause PLA are Citrobacter koseri (Gupta et al. 2013) , Gemella morbillorum (Borro et al. 2014 ) and Streptococcus milleri (Chen et al. 2012) , which is especially known for its underlying association with colorectal neoplasia.
The liver is a major site of intraabdominal abscesses (Altemeier et al. 1973) . However, it is not clear why the liver seems to be preferentially affected over other visceral organs by F. nucleatum. While this could just be due to the liver's dual blood supply which is derived from the portal as well as systemic circulations, it is also possible that the formation of liver abscesses in Fusobacterium bacteremia represents an early stage of infection and if left untreated, it might lead to involvement of other organs as well. Organism (F. nucleatum) and organ (Liver) specific interaction and factors that are still unknown, might have a role to play as well.
Early identification and treatment of PLA is very essential, given the high likelihood of fatality in untreated cases (Stroup et al. 2007 ). Known risk factors for mortality are presence of anaerobic infection, abscess greater than 5 cm in size and the need for open surgical drainage (Yang et al. 2004; Lok et al. 2008; Chen et al. 2012) . Treatment consists of abscess drainage as well as appropriate antibiotic therapy. Like other infections, collection of cultures should ideally be performed prior to initiation of antibiotic therapy.
Conclusions
We report an unusual case of a PLA due to F. nucleatum infection which seems to be an emerging causative organism for PLA. In this case the infection was likely from a dental source and the host was immunocompetent. Poor oropharyngeal hygiene seems to have a major role in infection from this organism and therefore F. nucleatum should be considered as a differential of PLA in patients with poor dental hygiene, especially with a known history of immunodeficiency. Radiology guided drainage of the abscess and antibiotic therapy (including anerobic coverage) are the mainstays of therapy and patients rarely require invasive surgery for PLA (Heneghan et al. 2011; Pang et al. 2011 ).
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